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Abstract
In supergravity, effective superpotential relevant to dimension five operators on
proton decay processes also leads to supersymmetry breaking terms among sfermions,
dimension four operators. These dimension four operators induce the dimension five
operators through 1-loop diagrams dressed by gauginos. We find that, in a class of
models with the anomaly mediation, the 1-loop contributions can be comparable to
those at the tree level. Therefore, such operators have a great impact on proton decay
rate. Depending on a universal phase of gaugino masses and soft mass spectrum, the
proton decay rate can be enhanced or suppressed.
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Supersymmetry (SUSY) extension is one of the most promising ways to provide a so-
lution to the gauge hierarchy problem in the Standard Model [1]. The minimal version of
SUSY extension of the Standard Model is so-called the Minimal Supersymmetric Standard
Model (MSSM). Interestingly, the experimental data support the unification of the three
gauge couplings in the MSSM at the scale MGUT ∼ 2× 10
16GeV [2]. At high energies, our
world may be described by a SUSY grand unified theory (GUT) with a simple gauge group
such as SU(5), SO(10), E6 etc. into which all the gauge groups in the standard model are
embedded and unified.
The most characteristic prediction of the (SUSY) GUTs is the proton decay. Normally
in SUSY GUTs the proton decay process through the dimension five operators [3] involving
MSSM matters and the color triplet Higgsino turns out to be the dominant decay modes,
since the process is suppressed by only a power of the color triplet Higgsino mass scale.
Experimental lower bound on the proton decay modes p → K+ν through the dimension
five operators is given by SuperKamiokande [4],
τ(p→ K+ν) ≥ 2.2× 1033 [years].
This is one of the most stringent constraints on SUSY GUT models. In fact, it is widely
believed that the minimal SUSY SU(5) model is excluded from the experimental bound
together with the requirement of the success of the three gauge coupling unification [5] [6].
However, for the proton decay processes through the dimension five operators, knowl-
edge of the flavor structure is essential in order to give definite predictions for proton decay
rate. Some models in which flavor structures are extended have been found to be consis-
tent with the experiments [7] [8]. Also, if a GUT model has an extended structure for the
Higgs sector, the proton decay rate depends on free parameters in the extended Higgs sec-
tor and, together with flavor structures, some model can avoid the stringent bound on the
proton life time [9]. Although rapid proton decay would be avoidable in such ways, we need
very complicated studies. It must be interesting if there exists new contribution to proton
decay processes which can reduce proton decay rate without involving such complicated
structures.
In this letter, we show that there exists such a new contribution to proton decay pro-
cesses through dimension five operators, when SUSY breaking mediation obeys the anomaly
mediated SUSY breaking (AMSB) scenario [10] [11]. In a class of models with the AMSB,
SUSY breaking order parameter for superpartners in the MSSM is the mass of gravitino,
more correctly, F-term of the compensating multiplet in superconformal framework of su-
pergravity [12] [13] 3. Then, the scale of the gravitino mass is roughly two orders of
magnitude larger than that of soft SUSY breaking masses induced by the AMSB.
In supergravity, any dimensionful parameter in a model is always accompanied by the
compensating multiplet, so that, once SUSY is broken, a SUSY breaking term proportional
to the gravitino mass appears. A simple example is the B-term for the Higgs doublets in
the MSSM. If we introduce µ-term in Higgs superpotential, we obtain B ∼ µm3/2
4 after
SUSY breaking, where m3/2 is the gravitino mass. The similar thing happens even to higher
3 This fact is crucial in some SUSY breaking models. Although the F-term of the compensating
multiplet is of the same order of the gravitino mass in a simple SUSY breaking scenario, it is not a general
consequence in supergravity. Gravitino can, in general, be super heavy, leaving the AMSB contribution to
the soft SUSY mass spectrum in the MSSM around the electroweak scale [14].
4 In AMSB scenario, this B-term is too big, because of the large gravitino mass. Thus, we need a
1
dimensional operators. This fact can be easily understood in the following way. Imagine
that a higher dimensional operator is the result after integrating out some heavy fields.
Thus, soft SUSY breaking term for the higher dimensional operator is originating from
B-terms for the heavy fields integrated out. We examine such soft SUSY breaking terms
originating from superpotentials which leads to the dimension five operators relevant to the
proton decay. We will show that such terms have a great impact on the resultant proton
decay rate.
For simplicity, we work on the minimal SUSY SU(5) model. Application to other GUT
models is straightforward. In the minimal SUSY SU(5) model, effective superpotential
obtained after integrating out color triplet Higgs superfields is given by [16]
Weff =
1
2MHC
Yikl (QiQi) (QkLl) +
1
MHC
Yijkl
(
ucie
c
j
)
(uckd
c
l ) , (1)
where MHC is a supersymmetric mass of the color triplet Higgs superfields, which should
be around the GUT scale, and Yikl and Yijkl are some products of Yukawa couplings (we
do not need their explicit forms in the following discussion). Here, the contraction of the
indices are understood as
(QiQi) (QkLl) = ǫαβγ
(
uαi d
′β
i − d
′α
i u
β
i
) (
uγkel − d
′γ
k νl
)
, (2)(
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c
j
)
(uckd
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l ) = ǫ
αβγuciαe
c
ju
c
kβd
c
lγ,
where α, β, γ are color indices and d′i is defined as d
′
i = Vijdj with Vij being the Kobayashi-
Maskawa matrix. Extracting two fermions and two sfermions from the effective Lagrangian,
we obtain dimension five operators relevant to proton decay.
Now let us see SUSY breaking effects on the effective superpotential. It is useful to
work out in the superconformal framework of supergravity [13]. In this framework, SUSY
breaking is encoded in F-component of the compensating multiplet φ = 1 + θ2Fφ. Normal
SUSY breaking models lead to Fφ ∼ m3/2 due to the condition for vanishing cosmological
constant (vacuum energy). In the original basis in the superconformal framework, the basic
Lagrangian for matter and Higgs chiral superfields is symbolically written as
L =
∫
d4θφ†φK +
(∫
d2θφ3W + h.c.
)
, (3)
where K and W are Kahler potential and superpotential, respectively. Assuming canonical
Kahler potentials and rescaling all chiral superfields such as Xi → Xi/φ, we can eliminate
the compensating multiplet from the above Kahler potential. The effective superpotential
we are considering is the higher dimensional one and there exists the mass parameter
MHC . Therefore, the compensating multiplet is left un-eliminated in the superpotential.
Resultant effective superpotential is found to be
∫
d2θ
1
2φMHC
Yikl (QiQi) (QkLl) +
1
φMHC
Yijkl
(
ucie
c
j
)
(uckd
c
l ) . (4)
fine-tuning to obtain the correct scale of the electroweak symmetry breaking. For an idea to reduce the
B-term, see, for example, Ref. [15].
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Substituting φ = 1 + θ2Fφ, this superpotential leads to soft SUSY breaking terms among
sfermions,
Lsoft ⊃ −
Fφ
2MHC
Yikl
(
Q˜iQ˜i
) (
Q˜kL˜l
)
−
Fφ
MHC
Yijkl
(
u˜cie˜
c
j
) (
u˜ckd˜cl
)
+ h.c.. (5)
These are dimension four operators.
In the above calculations, we used the effective superpotential obtained by integrating
out the color triplet Higgs superfields under SUSY vacuum conditions and plugged it into
the superconformal framework. Of course, we can do the same calculations by using the
original superpotential before integrating the color triplets out. In the original Lagrangian,
we obtain soft SUSY breaking term, B-term, for the color triplet Higgs bosons such as
FφMHC . After integrating out the color triplet Higgs bosons and Higgsinos, we come to
the same result as the above. However, correctly speaking, there exist higher order terms
with respect to the expansion parameter, (Fφ/MHC), in actual calculations. The result
in Eq. (5) gives the correct leading term. Through the calculations based on the original
Lagrangian, we can see that the dimension four operators originate from the B-term of the
color triplet Higgs bosons.
Note that the soft SUSY breaking terms with dimension four lead to dimension five
operators through 1-loop diagram dressed by gauginos.5 These dimension five operators
have the same coefficients, Yijk and Yijkl, as the ones obtained from Eq. (1), because the
dimension four operators originate the same effective superpotential. Here, as an example,
let us evaluate a dimension five operator (ψQiψQi)(Q˜kL˜l) induced by the dimension four
operator in Eq. (5) through 1-loop diagram dressed by gauginos. Calculations for other
1-loop diagrams are straightforward. For 1-loop diagram dressed by gluino, we obtain
4
3
(
α3
4π
)(
Fφ
2MHC
)
M∗3 × f(M3, mu˜i, md˜i), (6)
f(M3, mu˜i, md˜i) =
∫ ∞
0
k2Edk
2
E
(k2E + |M3|
2)
(
k2E +m
2
u˜i
) (
k2E +m
2
d˜i
)
=
1
(m2u˜i −m
2
d˜i
)

 m2u˜i
m2u˜i − |M3|
2
ln
m2u˜i
|M3|2
−
m2
d˜i
m2
d˜i
− |M3|2
ln
m2
d˜i
|M3|2

 ,
∼
1
(|M3|2 − m˜2)2
(
m˜2 − |M3|
2 − |M3|
2 ln
m˜2
|M3|2
)
, (7)
where α3 is the QCD gauge coupling (from fermion-sfermion-gaugino vertex), M3 is gener-
ally complex gluino mass, and mi denotes a mass squared of squark running in a loop. We
took the degenerate mass spectrum for mu˜i ∼ md˜i ≡ m˜ in the last line. The loop function
f is positive and its approximation form in some limits is given by
f(M3, m˜) ∼
1
m˜2
(for |M3| ≪ m˜), (8)
∼
1
|M3|2
(
ln
|M3|
2
m˜2
− 1
)
(for |M3| ≫ m˜). (9)
5 In the context of usual gravity mediated SUSY breaking in supergravity, 1-loop diagrams similar to
those we consider in this paper were examined many years ago [17]. We would like to thank Pavel Fileviez
Perez for leading our attention to the paper. In the usual case, contribution from the 1-loop diagrams is
subdominant, because the gravitino mass is around the weak scale.
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We obtain similar results for 1-loop corrections dressed by wino and bino. In the limit of
absence of mixing with Higgsinos, 1-loop corrections dressed by wino and bino are found
to be
3
2
(
α2
4π
)(
Fφ
2MHC
)
M∗2 × f(M2, mu˜i, md˜i), (10)
−2
3
5
Y 2Qi
(
α1
4π
)(
Fφ
2MHC
)
M∗1 × f(M1, mu˜i, md˜i), (11)
respectively. Here, YQi = 1/6 is a hyper charge for the superfield Qi.
Now, putting all corrections together, the dimension five operator is described as
Ld=5 =
x
2MHC
Yikl(ψQiψQi)(Q˜kL˜l), (12)
where the factor x is given by
x = 1 +
4
3
(
α3
4π
)
FφM
∗
3 f3 +
3
2
(
α2
4π
)
FφM
∗
2 f2 −
1
30
(
α1
4π
)
FφM
∗
1 f1. (13)
Here, fj = f(Mj, mu˜i, md˜i). In usual soft SUSY breaking mass spectrum, soft masses for
gauginos and sfermions are of the same order, and the loop function is characterized by the
scale of soft SUSY breaking masses, fj ∼ 1/MSUSY . Thus, we find
x ∼ 1 +
1
MSUSY
∑
i
e−iϕi
αi
4π
Fφ, (14)
where ϕi is a phase of each gaugino mass, Mi = |Mi|e
iϕi. Non-zero relative phases among
gaugino masses cause CP violation, and they are severely constrained by current exper-
iments on electric dipole moments [18]. Thus, in the following, we assume the universal
phase, ϕ = ϕ1 = ϕ2 = ϕ3, for all gaugino masses.
As mentioned above, we consider the AMSB scenario, where gauginos and sfermions
obtain soft SUSY breaking masses through superconformal anomaly such as [10] [11]
Mi =
αi
4π
biFφ, (15)
m˜2i = 2ci
(
αi
4π
)2
bi|Fφ|
2, (16)
respectively, where αi is the gauge coupling, bi is a beta function coefficient, and ci is a
quadratic Casimir for each gauge interaction. Theses formulas imply that αi
4pi
Fφ ∼ MSUSY
in Eq. (14) and, therefore, the dimension five operators induced by 1-loop corrections can
be comparable to those at the tree level. This is a new contribution for proton decay
processes we found. Note that the phase eiϕ has an important role, so that proton decay
rate can be enhanced or suppressed according to its value.
If we assume the pure AMSB scenario, soft SUSY breaking mass spectrum is fixed and
we obtain definite results for the 1-loop induced dimension five operators. Especially, in
this case, the phase e−iϕ is canceled by the phase of Fφ and the sign of the new contribution
is fixed by the sign of the beta function coefficients. However, note that, unfortunately, the
4
pure AMSB scenario is obviously excluded, because it predicts slepton squared masses being
negative, the so-called “tachyonic slepton” problem. There have been many attempts to
solve this problem by extending the pure AMSB model and taking into account additional
positive contributions to slepton squared masses at tree level [10] [19] [20] or at quantum
level [15] [21]. Usually, these extended models still keep Fφ as an order parameter of SUSY
breaking and soft masses are characterized by MSUSY ∼ 0.01Fφ with 1-loop suppression
factor 0.01. We call these a class of models with AMSB. For these models, the phase of
gaugino mass is, in general, not necessary to be the same as the one of Fφ and their relative
phase can remain as a physical phase in Eq. (14). Therefore, there is a possibility that the
dimension five operators induced by 1-loop corrections cancel those at the tree level if we
can choose an appropriate relative phase and a soft mass spectrum.
In conclusion, we have considered the effective superpotential which leads to dimension
five operators relevant to the proton decay. In supergravity, the effective superpotential
also leads to soft SUSY breaking terms among sfermions, dimension four operators. These
terms originate from the B-term of color triplet Higgs bosons. The dimension four operators
can induce the dimension five operators through 1-loop diagrams dressed by gauginos. In
a class of models with AMSB, the 1-loop contributions are found to be comparable to
the dimension five operators at the tree level, because the gravitino mass is two orders
of magnitude larger than the typical scale of soft SUSY breaking masses. Therefore, the
proton decay rate can be enhanced or suppressed, depending on the universal phase of the
gaugino masses and soft mass spectrum.
We have discussed on the dimension five operators induced by 1-loop corrections, which
can be comparable to those at the tree level. Our discussion is applicable to other effective
superpotentials appearing in some particle physics models. An example is an effective
superpotential which provides a light Majorana mass for neutrino through the see-saw
mechanism [22],
Weff =
(LH)(LH)
MR
, (17)
where MR is the scale of right-handed Majorana neutrino mass. In the same manner as
the above, the superpotential leads to soft SUSY breaking term,
Lsoft = −
Fφ
MR
(L˜H)(L˜H). (18)
Again, 1-loop corrections dressed by wino and bino can be comparable to the tree level one
and resultant Majorana mass is altered from the one at the tree level. If a phase of gaugino
masses is different from that of Fφ, the phase additionally contributes to the Majorana
phase in the neutrino mixing matrix.
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